In 1961, selection for 120-d weight was initiated in two flocks from a common base population of grade Targhee sheep. At Davis, sheep were maintained on a good plane of nutrition, on irrigated pasture or in drylot. At Hopland, sheep grazed annual grassland range, with supplementary feeding only at mating and lambing. (1) genetic improvement made on a higher plane of nutrition was expressed, but to a lesser degree, under range conditions and (2) selection under better feed conditions resulted in at least as much improvement in growth rate in a range environment as did selection under range conditions.
Introduction
Maintenance of breeding females is the largest single cost item in production of sheep and beef cattle (e.g., Dickerson, 1978 method of increasing efficiency would be to increase the weight of offspring produced per breeding female per year, provided maintenance cost of the dam increased less than the increased returns from the offspring. One potential means of achieving this goal is selection for increased weaning weight. An important question in designing selection programs for growth rate for these species is whether selection should be practiced in the environment of use, i.e., under extensive production conditions in most cases, or in an environment permitting the fullest expression of the desired trait.
The question of optimum selection environment has been investigated in several experiments; most used laboratory animals. The investigators usually transferred lines between environments rather than mating males selected in a "good" environment to females in a "poor" environment, the more common practice in the livestock industry. The extent to which generalizations can be made across spe-376 JOURNAL OF ANIMAL SCIENCE, Vol. 61, No. 2, 1985 cies in this area is not known, and a controlled laboratory environment may not provide a good model of a typical livestock environment. Thus, the extent to which the results of these experiments are applicable to livestock is not well established. For these reasons, selection of sheep in two environments was undertaken to determine: 1) the direct and correlated effects of selection for 120-d weight in a feedlot and in a range environment and 2) the extent to which the improvement resulting from selection under intensive conditions was expressed under range conditions. In this paper, the direct response to selection is described; correlated responses are reported in a companion paper (Lasslo et al., 1985) .
Materials and Methods
Environment. The selection experiment was carried out in two locations in California; a range environment at the University of California Hopland Field Station and an irrigated pasture-feedlot environment at Davis.
The Hopland Field Station, located in Northern California's Coast Range 160 km north of San Francisco and approximately 48 km inland from the coast, is representative of an annual grassland ecosystem, with considerable brush and oat in some areas. The station ranges in elevation from 150 to 920 m. The region has a 2-to 3-mo good feed season in the spring followed by a long dry feed season extending from May to October or November. Temperatures range from below freezing on many winter mornings to as high as 46 C in summer, with wide diurnal variation in temperature both winter and summer. During the course of the study (1959 through 1980) , yearly rainfall ranged from 550 to 1,550 mm, with an average of approximately 990 ram. Amount of rain, along with variations in dates of rains, caused wide year-to-year variations in feed quantity and quality. Over the course of the experiment, there were increasing levels of coyote predation. The ewes were managed as a single flock and maintained on the range except during the breeding season and for a short period during lambing. Mating was in individual sire pens for a 5-wk period normally beginning August 7 to 10, followed in most years by Suffolk cleanup rams for 17 to 20 d. Data from the cleanup matings were not included in the analyses. Ram lambs were not castrated. Each year all lambs were weaned on the same day, between mid-May and early June, according to when the forage dried.
The Davis campus of the University of California is located near sea level in the Sacramento River Valley. From 1959 to 1967 the sheep were maintained on irrigated Ladino clover and grass pasture from spring through fall and in drylot with alfalfa hay or cubes as the 15rincipal feed during winter. Beginning in 1968, they were maintained in drylot year around. The amount of hay fed was adjusted to maintain the ewes in good but not overfat condition. Lambs were creep fed. Mating Plans. In 1959 and 1960, eight rams were used in both locations each year, with four of these used in both years. This was done to make the initial groups in the experiment as genetically similar as possible. Selection for increased 120-d weight began in the designated selection lines in 1961. In lines HW and DW, five ram lambs were selected on the basis of 120-d weight adjusted for age of dam and type of birth, fed for near maximum growth from weaning to breeding and used for breeding at 6 to 7 mo of age. Throughout the experiment, the DW ram lambs were used as lambs at Davis in the DW line, held for a year and used as yearlings in the DH line. In the DW line, replacement ewes were selected on the basis of adjusted 120-d weights. The experimental plan called for a distribution of ewe ages at lambing of 35, 28, 22 and 15% 2-, 3-, 4-and 5-yr-old ewes, respectively, in all lines. Due to ewe mortality caused by environmental conditions' at Hopland, including predators, little ewe selection was practiced in lines HW and DH, and the mean age of ewes was in general slightly higher than at Davis.
In each control line, five rams were randomly selected at weaning and used for breeding as yearlings and 2-yr-olds. Ram lambs were used in 1960, but this was discontinued after 1 yr because some rams, despite being well fed, were not large enough to breed effectively as lambs. Replacement ewes were selected at random in each control line in numbers to maintain an age composition similar to that in the selected lines. In all lines, ewes were normally bred to lamb first as 2-yr-olds. Ewes were culled if they did not lamb for 2 consecutive yr.
In each environment, the selected and control groups were used to estimate the direct effect of selection for 120-d weight and correlated changes in other traits, including birth and mature weights, ewe fertility and prolificacy, lamb survival and ewe efficiency of lamb production. Line DH was included to allow examination of genotype • environment interaction.
Generation Interval. Because generations overlapped, individual generation numbers were calculated using the formula of Pattie (1965) :
where G = generation number, i = lamb, s = sire and d = dam. The generation numbers of lambs born in 1961 and all foundation stock breeding animals were set to zero. The yearly average generation number was calculated.
Inbreeding. Inbreeding coefficients were calculated for all lambs born in each line in each year, using a program based on the method of Quaas (1976) . Mean coefficients were calculated for each line. It was assumed that all animals born before 1959 were unrelated. There were in fact some relationships among the foundation animals, but pedigrees were incomplete. If pedigrees of all foundation bDW selected rams used as lambs in line DW at included because lambs born in those years were involved in Davis and as yearlings in line DH at Hopland. animals had been included, it is estimated that mean inbreeding coefficients at the end of the experiment would have been increased by less than .01, and by a similar amount in all lines. The mating plan involved avoidance of son-todam matings; and, because rams in the selected lines were most often used as ram lambs and ewe Iambs were not mated their first year, there was little opportunity for sib mating. An attempt was made to replace each control line ram with a son and to ensure that at least three of the five sires in each selected line each year were represented by sons among the ram lambs selected.
Statistical Analyses. The data analyzed consisted of lamb weights and breeding ewe information on production and reproduction. Lamb 120-d weights were calculated by linear interpolation between birth and weaning weight using the formula: 120-d weight = weaning weight birth weight )120 weaning age + birth weight.
Data from lambs born single or twin were analyzed. Data from lambs born as triplets were not included, except in terms of total numbers born and weaned, because numbers were small. Within a location the frequency of triplet births did not differ between lines. Ewes 4 yr of age and older were designated mature and analyzed as one group; differences among ages 4 yr and older, in lamb performance and mating weights, were small.
Analyses were by the method of leastsquares. Sire and dam effects were ignored due to the size and structure of the data set. Because these effects are random, ignoring them should not have biased the estimates of means or regression coefficients obtained (Henderson, 1975) . However, sampling errors of estimates would be biased downwards, and associated Fstatistics for tests of hypotheses regarding the estimates would be inflated somewhat. All analyses were done within location.
Adjustment of Data for Known Environmental Effects. Regression analyses including
date of birth suggested a seasonal effect at Hopland but not at Davis. Thus Hopland birth weight, 120-d weight and 18-mo ewe mating weight were adjusted for date of birth.
Means and standard deviations calculated for 120-d weight winin sex, type of birth and rearing and dam age categories and for birth weight within sex, type of birth and dam age categories showed trends for the standard deviation to increase in proportion to the mean. Therefore, multiplicative correction factors were computed for each trait in each location. These factors were used to adjust data to compare means and to estimate time trends. Selection was done within sex on weights adjusted only for type of birth and rearing and age of dam.
An iterative process was used to obtain correction factors for 120-d and birth weight, use of which resulted in adjusted means not significantly different from the single, female, mature-dam class. Previously calculated correction factors based on data from the project from 1959 to 1963 (Osman and Bradford, 1965) were used as priors. These correction factors were used to adjust the weights multiplicatively to a single, female, mature-dam basis.
Standard deviations for ewe mating at 18, 30 and />42 mo (maturity), within type of birth-rearing and dam-age class, did not increase in proportion to the means. Additive correction factors were therefore computed within location for these traits.
Selection Response. To estimate the response due to selection for 120-d weight, several analyses of the within line regressions of 120-d weight on year were made. Overall line response was analyzed using data adjusted for birth date (Hopland only), sex, type of birthrearing and dam age. Sampling errors of the regression coefficients do not account for drift variance and are: therefore, underestimated. Estimates of response to selection are, nonetheless, unbiased (Sorensen and Kennedy, 1984) .
Selection
Differentials.
Intended and realized annual selection differentials were calculated for sires and dams and accumulated over years. An unweighted average for the two was also calculated and is presented under "parents." For some of the tables, selection differentials and responses were accumulated by 5-yr periods, beginning in 1961.
Realized heritabilities were estimated for DW, HW and DH lines by regressing the yearly differences between selected and control lines in adjusted 120-d weight on the corresponding differences in accumulated selection differentials.
Results and Discussion
Correction Factors. Multiplicative correction factors used to adjust 120-d weight to a female, single, mature dam basis are listed in table 2. These correction factors indicate differences between the two environments in the effects of sex, type of birth and rearing and dam age on 120-d weight. In the range conditions of the Hopland environment, there were smaller differences between males and females, greater effects of age of dam (especially for multiple births) and larger differences between singles and twins than in the Davis feedlot environment. On the range, the combined effect of a lamb being born and raised twin from a 2-yr-old dam resulted in the greatest reduction in 120-d weight. At Hopland, lambs born twin and raised single were closer in 120-d weight to those born single than to those born twin. At Davis, the lambs born twin and raised single averaged half way between those born single and those born twin. This too showed that the effect of being raised as a twin was more severe in the range environment. In both locations, the correction factors for age of dam and sex were similar, but not identical, to those cited by Abegg Printing (1975) . The correction factors for type of birth are higher than the ones in the Handbook. When numbers are sufficient, estimates calculated for a particular flock and location are better than general estimates. The magnitude of the effects of type of birth are in agreement with results of many other experiments that indicate that the difference between singles and twins is less under conditions in which supplements are fed (Karam et al., 1953; Blackwell and Henderson, 1955; Harrington et al., 1958; Sidwell et al., 1964) than under more extensive conditions (Hazel and Terrill, 1946 ; de Baca et al., 1956 ; Ch'ang and Rae, 1961 ; Donald, 1962 ; Osman and Bradford, 1965 were analyzed as one group (HC) for this trait. Thus the regression is based on data for HC1 and HC2 for the first 17 yr and for HC1 only for the last 3 yr. The graphs show that there were large year-to-year variations in both environments and that a negative environmental trend existed at Hopland. In both environments, selection increased weaning weight compared with unselected controls, with more improvement made in the drylot environment. The improvement in 120-d weight made at Davis was expressed at Hopland, not to the same degree as at Davis, but enough so that response in 120-d weight in line DH was greater (P<.05) than the response in line HW. Selection differentials were similar in lines DW and DH, because the same males were used in both; and while selection differentials were slightly larger for females in line DW, they were small relative to those for males in both lines.
The data, adjusted for sex and dam age, were further examined for effects of type of birth and rearing on changes expressed in 120-d weight. The results are presented in table 5.
Lambs born twin and raised single were omitted from the tables as the results were somewhat erratic due to small sample sizes.
Estimated total increases in 120-d weight for single lambs were 9.25, 4.02 and 6.39 kg for lines DW, HW and DH. Estimated total increases in 120-d weight for twin lambs in lines DW, HW and DH were 7.14, 1.83 and .61 kg, respectively. In both environments the increase in 120-d weight due to selection was greater among the single born lambs than among those born as twins. However, this difference was significant only in line DH. At Davis, there was a significant response in 120-d weight in both singles and twins. At Hopland, there was a significant response only for single lambs; the selected and control lines did not differ based on means of twin lambs. The results also show that the significantly greater response in line DH than in line HW was due to differences among singles, as the change in 120-d weight for twins was similar in the two lines. DW, HW and DH, respectively. Osman and Bradford (1965) , using data from this experiment, estimated paternal half-sib heritability of 120-d weight to be twice as high at Davis (.40 -+ .17) as at Hopland (.19 + .08). The current realized heritability estimates are much lower, but the relative responses in the two environments were predicted accurately by the earlier analysis. As shown in figures 1 and 2, means for the selected lines in the final 2 or 3 yr in each location were below the maximum levels achieved, and the realized heritability estimates obtained are slightly lower than if the experiment had been terminated earlier. We believe the low final values represent chance year-to-year variation rather than a plateau.
These heritabilities are lower than generally accepted values for heritability of weaning weight in sheep (see, for example, Warwick and Legates, 1979) . Although the Davis estimate is similar to Pattie's (1965) estimate of realized heritability for rams, the Hopland estimate is much lower. The realized heritability estimates in this study bracket Eikje's (1974) paternal half-sib heritability estimates. Based on all of these estimates, breeders selecting for weaning weight should expect heritabilities between .06 and .20.
The amount of increase in 120-d weight and realized heritabilities in the two environments are in agreement with Hammond's (1947) assertion that more rapid progress will be made in the environment that allows greater expression of the trait. It also agrees with experimental evidence by Korkman (1961) , Dalton (1967) , Kownacki (1971 ) and Gebler (1978a using mice, Park et al. (1966) using rats, Hardin and Bell (1967) using tribolium and Fowler and Ensminger (1960) using swine. These investigators found response and realized heritability higher, although to differing degrees, in the good environment than in the poor. It partially contradicts evidence of Falconer and Latyszewski (1952) in which pends on genetic and environmental variability, a reduction in environmental variation may have caused the higher realized heritability on the poor plane of nutrition. This illustrates a potential shortcoming of laboratory models for livestock environments. The environment for sheep on the range, which is dependent on rainfall, temperature, feed availability, et cetera, is likely to be much more variable than the environment within a laboratory. Line DH showed a significantly greater change in 120-d weight than line HW in the range environment, although the difference in response was not large in absolute-terms. The DH line performance supports Hammond's (1947) assertion that lines improved in a "good" environment can be used to advantage in another, poorer environment. This is not in agreement with results of most previous experiments of this kind in other species (Falconer and Latyszewski, 1952; Falconer, 1960; Fowler and Ensminger, 1960; Hardin and Bell, 1967; Bateman, 1971 Bateman, , 1974 Kownacki, 1971 Kownacki, , 1974 Gebler, 1972, 1974; Gebler, 1973 Gebler, , 1978a . Results from this experiment do agree with results of the Park et al. (1966) selection experiment with rats. The discrepancy between results from this experiment and the bulk of previous research may be due to any or all of the following: 1) There are problems with generalizing across species. However, similar results have been obtained using mice, swine and tribolium, so generalizations may be valid.
2) The laboratory experiments may not have provided appropriate models for comparison with this livestock situation. This is likely, as most of the experiments, with the exception of those of Gebler (1972, 1974) and Gebler (1973 Gebler ( ,1978a transferred animals from one environment to another rather than mating males from the good environment to females from the poor. Also, many of the experimenters kept animals under restricted diets only during the period in which selection was practiced. 3) There may be differences in the genetic basis of performance. In the bulk of earlier experiments it seems that performance in different environments had a different genetic basis, and selection in each environment was for different genotypes. Falconer (1960) stated that "growth rate on a low plane of nutrition may be principally a matter of efficiency of food utilization, whereas on a high plane of nutrition, it may be principally a matter of appetite." Falconer and Latyszewski (1952) using mice, and Fowler and Ensminger (1960) using swine, stated that animals selected on lower planes of nutrition were leaner. Fowler and Ensminger (1960) suggested that pigs selected on full feed were superior because of some other gene complex than the one controlling feed efficiency-perhaps genes that control appetite, control capacity to consume or digest feed or contribute to the production of larger amounts of growth hormone. However, the superiority in response in 120-d weight in line DH compared with HW suggests that in this case many of the same genes affected growth in both environments, although the effects were expressed to a different degree in the two environments.
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